Kidney slices of human and rat to characterize cisplatin-induced injury on cellular pathways and morphology.
Kidney slices represent an in vitro model that has the cellular complexity of in vivo tissue to provide insights into mechanisms of organ injury, as shown in this study with the model nephrotoxicant cisplatin. Cell pathways altered by cisplatin exposure are assessed by gene expression analysis, cell function, and morphology in human and rat kidney slices in comparison to rat kidney from an in vivo study. The acute nephrosis of the tubular epithelium induced by cisplatin in vivo was reproduced in both human and rat kidney slices, while the glomerulus appeared resistant even at high concentrations. Kidney gene expression changes of in vivo and in vitro samples were indicative of transcription, DNA damage, cell cycle, proliferation, and apoptosis that are in agreement with the mechanism of cisplatin causing DNA damage, growth arrest, and apoptosis; while genes indicative of protein damage, the disruption of transport and calcium homeostasis, cellular metabolism, and oxidative stress are pathways linked with cisplatin binding to various cellular proteins and macromolecules. Both concentration and time-dependent gene expression changes evident in the in vitro model preceded a change in tissue morphology. Functional assays confirming cell dysfunction and increased apoptosis revealed the rat kidney to be more sensitive to the effects of cisplatin than human kidney as demonstrated by significant decreases in slice ATP and GSH levels, significant increases in caspase 9 and 3 activity, p53 protein levels, and increased DNA laddering. The regional markers of proximal and distal tubular injury, alpha- and pi-glutathione S-transferases, were shown for the human kidney slices to be significantly increased by cisplatin. In this study, cisplatin-induced nephrotoxicity was demonstrated morphologically in rat and human kidney slices, and the associated gene expression and functional changes characterized the cellular pathways involved.